RNAi Knockdown of a Salivary Transcript Leading to Lethality in the Pea Aphid, Acyrthosiphon pisum by Mutti, Navdeep S. et al.
RNAi knockdown of a salivary transcript leading to
lethality in the pea aphid, Acyrthosiphon pisum























SHDDSKLG Acyrthosiphon pisumSS Journal of Insect Science DYDLODEOHRQOLQHLQVHFWVFLHQFHRUJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Introduction
'RXEOHVWUDQGHG 51$ GV51$ ZKHQ LQMHFWHG
LQWR RU LQJHVWHG E\ DQ RUJDQLVP RU LQWURGXFHG
LQWR FHOOV LQ FXOWXUH FDQ VSHFLILFDOO\ ORZHU WKH
OHYHO RI WKH WUDQVFULSW RI D WDUJHW JHQH 7KLV
PHWKRG LQLWLDOO\ GRFXPHQWHG LQ C. elegans DQG
QDPHG 51$ LQWHUIHUHQFH RU 51$L KDV EHFRPH D
YHU\ SRZHUIXO WRRO WR H[DPLQH WKH UROH RI
LQGLYLGXDO JHQHV )LUH HW DO  =DPRUH HW DO
 $PRQJ LQVHFWV LQMHFWLRQV RI 51$L LQ
SRVWHPEU\RQLF VWDJHV KDYH EHHQ XVHG
VXFFHVVIXOO\ LQ WKH KRQH\EHH Apis mellifera
$PGDP HW DO  WKH PRWKV Hyalophora
cecropia %HWWHQFRXUW HW DO  Spodoptera
litura 5DMDJRSDO HW DO  Bombyx mori
8KOLURYD HW DO  DQG Manduca sexta /HYLQ
HW DO  WKH PRVTXLWRHV Anopheles gambiae
2VWD HW DO  DQG Aedes aegypti $WWDUGR HW
DO  WKH IUXLW IO\ Drosophila melanogaster
*RWR HW DO  D JUDVVKRSSHU Schistocerca
americana 'RQJ DQG )ULHGULFK  WKH UHG
IORXU EHHWOH Tribolium castaneum $UNDQH HW DO
D DQG E 7RPR\DVX HW DO   DQG D
WHUPLWH Reticulitermes flavipes =KRX HW DO
 (YLGHQWO\ LQ VRPH LQVHFW VSHFLHV LQMHFWHG
51$L FDQ PRYH IURP WKH KHPRO\PSK LQWR WLVVXHV
RU RUJDQV ZKHUH LW WKHQ H[HUWV LWV
WUDQVFULSWORZHULQJ HIIHFW SUHVXPDEO\ E\
SURPRWLQJ GHJUDGDWLRQ RI WKH WDUJHW P51$
([WHQGLQJ WKLV PHWKRG WR DQ DSKLG DQG LQ
SDUWLFXODU WR WKH DSKLG VDOLYDU\ JODQG LV WKH
REMHFWLYHRIWKHZRUNUHSRUWHGKHUH
5HODWLYHO\ ORQJ GV51$ LV RIWHQ XVHG DV DQ
LQWHUIHULQJ 51$ EXW LQ WZR FDVHV OLVWHG DERYH
/HYLQ HW DO  DQG =KRX HW DO  VPDOO
LQWHUIHULQJ 51$ VL51$ ZDV LQMHFWHG LQVWHDG
VL51$V RI EDVH SDLUV DUH KLJKO\ HIIHFWLYH LQ
HOLFLWLQJ 51$L (OEDVKLU HW DO  DQG FDQ EH
SURGXFHG in vitro XVLQJ WKH HQ]\PH 'LFHU D IRUP
RI 51DVH ,,, DQG WKH HQ]\PH EHOLHYHG WR SURGXFH
VL51$ in vivo %HUQVWHLQHWDO
6DOLYD LV YHU\ LPSRUWDQW LQ WKH LQWHUDFWLRQ
EHWZHHQ DSKLGV DQG KRVW SODQWV 3URWHLQV
LQFOXGLQJ HQ]\PHV RI DSKLG VDOLYD KDYH EHHQ
SRVWXODWHG WR SOD\ VHYHUDO UROHV LQFOXGLQJ WKH
IRUPDWLRQ RI D VKHDWK DURXQG WKH VW\OHWV WKH
FUHDWLRQ RI DQ H[WUDFHOOXODU SDWK E\ WKH VW\OHW
RYHUFRPLQJ SODQW GHIHQVH DQG SRVVLEO\
VWLPXODWLQJ SODQW GHIHQVH LQ QRQKRVW SODQWV
0LOHV  &KHUTXL DQG 7MDOOLQJLL  $V
WUDQVFULSWV RI SRWHQWLDO LQWHUHVW DUH IRXQG LQ
F'1$ OLEUDULHV RI DSKLG VDOLYDU\ JODQGV IRU
LQVWDQFH DPRQJ WKH URXJKO\  SHD DSKLG
VDOLYDU\ H[SUHVVHG VHTXHQFH WDJV (67V UHFHQWO\
GHSRVLWHG DW 1&%, DV DFFHVVLRQ QXPEHUV
'9 WKURXJK '9 D PHWKRG ZLOO EH
QHHGHG WR H[DPLQH WKH LPSRUWDQFH RI WUDQVFULSWV
RI LQGLYLGXDO JHQHV DQG 51$L LV D SRWHQWLDOO\
SRZHUIXODSSURDFKIRUGRLQJVR
7KH PRVW DEXQGDQW F'1$ IURP D VDOLYDU\ JODQG
F'1$ OLEUDU\ SUHSDUHG IURP WKH SHD DSKLG
Acrythosiphon pisum 5HHFN HW DO XQSXEOLVKHG
REVHUYDWLRQV ZDV VHOHFWHG DV WKH WDUJHW
WUDQVFULSW IRU WKLV VWXG\ 7KLV F'1$ ZDV
DUELWUDULO\ GHVLJQDWHG & LH &OXVWHU  7KLV
WUDQVFULSW ZDV DOVR IRXQG LQIUHTXHQWO\ DPRQJ
ZKROHERG\ DQG ZKROHLQVHFW SHD DSKLG (67V
ZKHUH WKHUH DUH  RFFXUUHQFHV LQ DSSUR[LPDWHO\
 VXFK (67V GHSRVLWHG DW WKH 1DWLRQDO
&HQWHU IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ
6DEHWHU0XQR] HW DO  $V D SRLQW RI
FRPSDULVRQ (67V IRU F\WRFKURPH R[LGDVH
VXEXQLW D ZLGHO\ GLVWULEXWHG SURWHLQ RFFXU RYHU
 WLPHV DPRQJ WKH ZKROHERG\ DQG
ZKROHLQVHFW SHD DSKLG (67V 7KH WUDQVODWHG
QXFOHRWLGH VHTXHQFH RI & GRHV QRW PDWFK
RWKHU VHTXHQFHV H[FHSW LQ DSKLGV ZKHUH WKHUH DUH
PDWFKHV WR WUDQVODWHG (67V IURP Aphis gossypii
DQG Toxoptera citricida 7KH HQWLUH RSHQ UHDGLQJ
IUDPH RI WKH & WUDQVFULSW FDQ EH IRXQG DW
DFFHVVLRQ QXPEHU &1 7KH HQFRGHG SHD
DSKLG SURWHLQ LQFOXGHV D SUHGLFWHG VLJQDO SHSWLGH
DQGWKHSURWHLQLVRIHQWLUHO\XQNQRZQIXQFWLRQ
7R WHVW WKH HIILFDF\ RI 51$L LQ DSKLGV VL51$
FRGLQJ IRU & ZDV LQMHFWHG LQWR DGXOW DSKLGV ,W
ZDV IRXQG WKDW LQMHFWLRQ RI VL51$ OHDGV WR
NQRFNGRZQ RI WKH & WUDQVFULSW OHYHO LQ VDOLYDU\
JODQGV DQG UHVXOWV LQ D JUHDWO\ UHGXFHG OLIHVSDQ RI
WKH LQMHFWHG LQVHFWV 7KHVH UHVXOWV SURYLGH WKH
EDVLV IRU WKH XVH RI WKLV WHFKQLTXH LQ VWXGLHV RI




$SKLGV ZHUH RULJLQDOO\ FROOHFWHG IURP DOIDOID
SODQWV LQ WKH VXPPHU RI  E\ 'U 0DULQD
&DLOODXG DW &RUQHOO 8QLYHUVLW\ 7KHUHDIWHU WKH
DSKLGV ZHUH UHDUHG DW .68 RQ IDYD EHDQV Vicia
fabae JURZQ LQ SRWV  FP GLDPHWHU DW URRP
WHPSHUDWXUH XQGHU KLJK LQWHQVLW\ VRGLXP OLJKWV
ZLWK D /' RI  )RU WKH 51$L H[SHULPHQWV
HYHQDJHG FRKRUWV ZHUH HVWDEOLVKHG E\ FROOHFWLQJ
Q\PSKV IURP \RXQJ SDUWKHQRJHQHWLF IHPDOHV RYHU
D K SHULRG &RKRUWV IRUPHG LQ WKLV ZD\ ZHUH
PDLQWDLQHG RQ SODQWV IRU  GD\V DQG WKHQ XVHG IRU
VL51$LQMHFWLRQV
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3&5 SULPHUV ZLWK 7 SURPRWHU VHTXHQFHV ZHUH
XVHG WR SUHSDUH GRXEOHVWUDQGHG 51$ 7RPR\DVX
HW DO  )RU & 51$ WKH SULPHUV KDG WKH
IROORZLQJ VHTXHQFHV ᐉ7$$ 7$& *$& 7&$ &7$
7$* **$ $*7 7$ᐉ DQG ᐉ7$$ 7$& *$&
7&$ &7$ 7$* **$ $$& 77ᐉ IRUZDUG DQG
UHYHUVH UHVSHFWLYHO\ 7KH WZR SULPHUV FRYHU D
UHJLRQ WKDW H[WHQGV IURP SRVLWLRQ  WR SRVLWLRQ
 LQ WKH RSHQ UHDGLQJ IUDPH WKDW LQ LWV HQWLUHW\
LV  EDVHV 3ULPHUV IRU JUHHQ IOXRUHVFHQW
SURWHLQ 51$ WKDW ZHUH XVHG LQ FRQWUROV KDG WKH
IROORZLQJ VHTXHQFHV ᐉ7$$ 7$& *$& 7&$ &7$
7$* **& *$7 *&ᐉ DQG ᐉ7$$ 7$& *$&
7&$ &7$ 7$* **& **$ &7  ᐉ IRUZDUG DQG
UHYHUVH UHVSHFWLYHO\ 7KHVH FRYHU D UHJLRQ RI 
EDVHV LQ WKH RSHQ UHDGLQJ IUDPH IRU WKH JUHHQ
IOXRUHVFHQWSURWHLQ
3&5 SURGXFWV ZHUH JHO SXULILHG XVLQJ 4LDTXLFN
*HO ([WUDFWLRQ .LW 4LDJHQ ZZZTLDJHQFRP
GV51$ ZDV WKHQ PDGH XVLQJ 0HJDVFULSW 51$L .LW
$PELRQ ZZZDPELRQFRP IROORZLQJ WKH
PDQXIDFWXUHU¶V SURWRFRO GV51$ ZDV SXULILHG
XVLQJ SKHQROFKRORIRUP H[WUDFWLRQ VL51$ ZDV
JHQHUDWHG IURP GV51$ XVLQJ WKH 'LFHU VL51$
*HQHUDWLRQ .LW 7 *HQODQWLV
KWWSZZZJHQODQWLVFRP DQG SXULILHG XVLQJ
VL51$ SXULILFDWLRQ FROXPQV RI *HQODQWLV
3URGXFWV RI 'LFHU GLJHVWLRQ ZHUH FKHFNHG IRU VL]H
±EDVHSDLUVRQDFU\ODPLGHJHOV
siRNA injections
*ODVV QHHGOHV RXWHU GLDPHWHU RI  PP LQQHU
GLDPHWHU RI  PP 6XWWHU ,QVWUXPHQWV
KWWSZZZVXWWHUFRP ZHUH PDGH XVLQJ D
PLFURSLSHWWH SXOOHU 0RGHO 3 6XWWHU
,QVWUXPHQWV DW VHWWLQJV RI KHDW  YHORFLW\
 WLPH  $ 30, SUHVVXUH PLFURLQMHFWRU
'DJDQ ZZZGDJDQFRP ZDV XVHG IRU VL51$
LQMHFWLRQV $SKLGV ZHUH KHOG RQ WKHLU GRUVD RYHU D
VPDOO KROH LQ SLHFH RI SODVWLF WXELQJ  PP LQQHU
GLDPHWHU WKDW ZDV EORFNHG DW RQH HQG KHOG LQ
SODFH RQ D IODW VXUIDFH DQG FRQQHFWHG DW WKH RWKHU
HQG WR D VPDOO YDFXXP SXPS 3UR&UDIW *UREHW
86$ &DUOVWDGW 1- $SKLGV ZHUH LQMHFWHG DW WKH
VXWXUH MRLQLQJ WKH YHQWUDO PHVRWKRUD[ DQG
PHWDWKRUD[ DW DQ DQJOH RI DERXW  GHJUHHV
DLPHG WRZDUG WKH KHDG RI WKH DSKLG :H HVWLPDWH
WKDW  QO RI VL51$ ƫJƫO ZDV LQMHFWHG LQWR
HDFKDSKLG
/HDYHV ZHUH FXW IURP KHDOWK\ LQWDFW IDYD EHDQV
DQG SXW LQWR D VWHULOL]HG  DJDU )LVKHU
6FLHQWLILF ZZZILVKHUVFLFRP VXSSOHPHQWHG ZLWK
 0LUDFOH *URZ IHUWLOL]HU DQG  PHWK\O
K\GUR[\EHQ]RDWH 6LJPD$OGULFK
ZZZVLJPDDOGULFKFRP DV D IXQJLFLGH HVVHQWLDOO\
DV GHVFULEHG RQ WKH 'DYLG 6WHUQ ZHEVLWH
KWWSZZZSULQFHWRQHGX
(GVWHUQ3ODWHV3URWRFROKWP XVLQJ Medicago
OHDYHV $ERXW  PO RI PHGLXP ZDV SODFHG LQ D
3HWUL SODWH  é  PP DQG RQH OHDI ZDV
LQVHUWHG LQWR WKH DJDU DV LW FRROHG 2QH LQMHFWHG
DSKLG ZDV SODFHG RQ HDFK OHDI 7KH SODWHV ZHUH
SODFHG XQGHU *( 8WLOLW\ 6KRSOLWH ZLWK )
ZDWW876/ IOXRUHVFHQW OLJKWV ZLWK  /' DW D
WHPSHUDWXUH RI & 3ODWHV ZHUH FKHFNHG VHYHUDO
WLPHV D GD\ IRU GHDG DSKLGV ZKLFK ZHUH LGHQWLILHG
E\ ODFN RI PRYHPHQW EHLQJ RII WKH OHDYHV DQG
DIWHUVHYHUDOKRXUVGDUNHQHGFRORUDWLRQ
Examining transcript levels by RT-PCR
7RWDO 51$ ZDV LVRODWHG IURP LQGLYLGXDO SHD DSKLG
KHDGV XVLQJ 75, UHDJHQW 0ROHFXODU 5HVHDUFK
&HQWHU ,QF ZZZPUFJHQHFRP IROORZLQJ WKH
SURFHGXUH SURYLGHG E\ WKH PDQXIDFWXUHU 51$
ZDV WUHDWHG ZLWK '1DVH , $PELRQ
ZZZDPELRQFRP IROORZLQJ WKH FRPSDQ\¶V
LQVWUXFWLRQV $09 UHYHUVH WUDQVFULSWDVH ZDV XVHG
ZLWK ROLJRG7 SULPHUV WR V\QWKHVL]H
VLQJOHVWUDQGHG F'1$ IROORZLQJ WKH SURFHGXUH LQ
7HFKQLFDO %XOOHWLQ  RI 3URPHJD 3&5 ZDV GRQH
XVLQJ ᐉ&&$ *7* &*$ 7$* &*$ 7$$ 777 $&$
$&ᐉ DQG ᐉ&$& &7& 7&7 7$7 *$7 *$$ &*&
&$$ &ᐉ IRU & IRUZDUG DQG UHYHUVH SULPHUV
UHVSHFWLYHO\ JLYLQJ D ILQDO SURGXFW RI  EDVH
SDLUV DQG XVLQJ ᐉ&&* $$$ $*& 7*7 &$7 $$7
*$$ *$& &ᐉ DQG ᐉ**7 *$$ $&& 77* 7&7
$&7 *77 $&$ 7&7 7*ᐉ IRU ULERVRPDO SURWHLQ
/ IRUZDUG DQG UHYHUVH SULPHUV UHVSHFWLYHO\
JLYLQJ D ILQDO SURGXFW RI  EDVH SDLUV 7KH
VHTXHQFH RI SHD DSKLG / KDV DFFHVVLRQ QXPEHU
&1 %RWK SULPHU SDLUV ZHUH XVHG LQ HDFK
3&5 ZLWK / VHUYLQJ DV DQ LQWHUQDO FRQWURO 3&5
ZDV SHUIRUPHG IRU RQH F\FOH DW & IRU  PLQ
IROORZHG E\  F\FOHV RI & IRU  V & IRU
 V DQG & IRU  V 3ULPHUV ZHUH XVHG DW 
ƫ0 DQG 3&5 PDVWHU PL[ IURP 3URPHJD
ZZZ3URPHJDFRP ZDV XVHG LQ D ILQDO YROXPH
RI  ƫO 3&5 SURGXFWV ZHUH VHSDUDWHG RQ 
DJDURVH JHOV SUHSDUHG LQ  P0 7ULVDFHWDWH S+
 DQG  P0 ('7$ (WKLGLXP EURPLGH ZDV
DGGHG WR D ILQDO FRQFHQWUDWLRQ RI  ƫJPO EHIRUH
DOORZLQJ WKH DJDURVH WR VROLGLI\ 7KH JHOV ZHUH
SKRWRJUDSKHG XQGHU XOWUDYLROHW OLJKW DQG EDQG
LQWHQVLWLHV ZHUH REWDLQHG XVLQJ 6LJPD6FDQ¶V 3UR
LPDJHPHDVXUHPHQWVRIWZDUH
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,QMHFWLRQ RI VL&51$ LQWR DGXOW
SDUWKHQRJHQHWLF SHD DSKLGV OHG WR JUHDWO\ UHGXFHG
OLIHVSDQ DV VKRZQ LQ )LJXUH  $SKLGV LQMHFWHG
ZLWK VL&51$ GLHG ZHOO EHIRUH FRQWURO DSKLGV
LQMHFWHG ZLWK JUHHQ IOXRUHVFHQW SURWHLQ VL51$
+DOI RI WKH DSKLGV LQMHFWHG ZLWK VL&51$ KDG
GLHG DW  GD\V DIWHU LQMHFWLRQ ZKHUHDV  GD\V ZDV
UHTXLUHG IRU GHDWK RI KDOI RI WKH DSKLGV LQMHFWHG
ZLWK FRQWURO VL51$ 7KH VXUYLYDO RI XQLQMHFWHG
DSKLGV ZDV VLPLODU WR WKDW RI DSKLGV LQMHFWHG ZLWK
FRQWURO VL51$ LQGLFDWLQJ WKDW WKH VPDOO LQMHFWLRQ
ZRXQG ZDV WROHUDWHG E\ WKH DSKLGV DQG WKDW
LQMHFWLRQ RI FRQWURO VL51$ DQG EXIIHU FRPSRQHQWV
GLGQRWKDYHDWR[LFHIIHFW
573&5 ZDV XVHG WR DVVHVV & WUDQVFULSW OHYHOV
LQ 51$ H[WUDFWHG IURP KHDGV 7KH VLJQDO REWDLQHG
E\ 573&5 XVLQJ KHDG 51$ DV WHPSODWH LV IURP
WUDQVFULSWV LQ VDOLYDU\ JODQGV VLQFH XVLQJ 51$
IURP KHDGV IURP ZKLFK VDOLYDU\ JODQGV KDG EHHQ
UHPRYHG E\ GLVVHFWLRQ JDYH QR SURGXFW LQ 573&5
)LJXUH F 573&5 GDWD IURP LQGLYLGXDO LQMHFWHG
DSKLGV DUH VKRZQ LQ )LJXUH  8VLQJ WKH WUDQVFULSW
IRU ULERVRPDO SURWHLQ / DV LQWHUQDO FRQWURO ZH
IRXQG WKDW WUDQVFULSW OHYHOV IURP & GURSSHG
GUDPDWLFDOO\ ZLWKLQ  GD\V DIWHU LQMHFWLRQ ZLWK
VL&51$ 2Q WKH RWKHU KDQG LQ FRQWURO
VL51$ LQMHFWHG LQVHFWV & WUDQVFULSW OHYHOV
QRUPDOL]HG WR / WUDQVFULSW OHYHOV GLG QRW
FKDQJHVLJQLILFDQWO\
6HPLTXDQWLWDWLYH GDWD IURP VXFK PHDVXUHPHQWV
DUH SORWWHG LQ )LJXUH  RSHQ WULDQJOHV ZKHUH IRU
SXUSRVHV RI FRPSDULVRQ RI WKH WLPLQJ WKH GHFOLQH
LQ WKH QXPEHU RI OLYH LQVHFWV IURP )LJXUH  LV
DJDLQ VKRZQ :H QRWH WKDW WKH PHDVXUHPHQWV RI
& WUDQVFULSW OHYHOV PD\ VRPHZKDW
RYHUHVWLPDWH WKH OHYHOV RI WKH WUDQVFULSW DQG WKXV
XQGHUHVWLPDWH WKH WLPLQJ RI WKH NQRFNGRZQ VLQFH
LQ H[DPLQLQJ WUDQVFULSW OHYHOV RQO\ LQVHFWV WKDW
ZHUH DOLYH DW HDFK WLPH SRLQW ZHUH XVHG ,QVHFWV
WKDW KDG DOUHDG\ GLHG PLJKW ZHOO KDYH KDG
H[WHQVLYHNQRFNGRZQRIWKH&WUDQVFULSW
7KHVH GDWD GHPRQVWUDWH WKDW VL51$ LQMHFWLRQ LQWR
DGXOW SHD DSKLGV FDQ ORZHU WKH WUDQVFULSW OHYHO RI D
WDUJHW JHQH & H[SUHVVHG LQ WKH VDOLYDU\ JODQG
7KH LQMHFWLRQV KDYH D SURIRXQG HIIHFW RQ OLIHVSDQ
ORZHULQJ WKH WLPH WR  VXUYLYDO IURP  GD\V LQ
FRQWURO LQMHFWLRQV WR DERXW  GD\V IRU LQMHFWLRQ RI















XQDQVZHUHG :LOO WKH VDPH SURFHGXUH ZRUN IRU
RWKHU VDOLYDU\ WUDQVFULSWV" 7KHUH DUH QR GDWD DW
WKLV WLPH UHJDUGLQJ WKLV SRLQW EXW ZH ZLOO VRRQ
XQGHUWDNH VL51$ VWXGLHV RQ RWKHU VDOLYDU\
WUDQVFULSWV :LOO WKH VDPH SURFHGXUH ZRUN IRU
ORZHULQJ WUDQVFULSW OHYHOV LQ RWKHU RUJDQV" $JDLQ
WKHUH DUH QR GDWD RQ WKLV SRLQW -XGJLQJ IURP
UHVXOWV LQ RWKHU LQVHFWV LW VHHPV OLNHO\ WKDW JXW
5DMDJDSRO HW DO  2VWD HW DO  $UDNDQH
HW DO  IDW ERG\ $WWDUGR HW DO  $PGDP
HW DO  DQG KHPRF\WHV /HYLQ HW DO 
ZRXOG EH VHQVLWLYH WR WKH HIIHFWV RI LQMHFWHG 51$L
'RHV VL51$ HQWHU DSKLG HPEU\RV GHYHORSLQJ
ZLWKLQ WKH LQMHFWHG DGXOW IHPDOH" :H KDYH QRW
VWXGLHG WKLV V\VWHPDWLFDOO\ EXW LQIRUPDOO\ ZH
KDYH QRWLFHG WKDW D VLJQLILFDQW IUDFWLRQ RI Q\PSKV
IURP DGXOWV LQMHFWHG ZLWK VL& 51$ GR GLH
SUHPDWXUHO\ 7KLV VXJJHVWV WKH SRVVLELOLW\ WKDW
VL51$GRHVLQGHHGHQWHUDWOHDVWVRPHHPEU\RV
8QDQVZHUHG E\ WKHVH H[SHULPHQWV LV WKH IXQFWLRQ
RI & :H KDG QR ZD\ RI DQWLFLSDWLQJ WKH
SURIRXQG HIIHFW RI NQRFNGRZQ RI WKH &
WUDQVFULSW DQG LQ OLJKW RI WKDW HIIHFW ZH ZLOO EH
LQYHVWLJDWLQJ WKH IXQFWLRQ RI & LQ RQJRLQJ
H[SHULPHQWV 2QH LQWHUHVWLQJ SLHFH RI LQIRUPDWLRQ
WKDW ZH KDYH DW WKLV SRLQW LV WKDW
VL&51$LQMHFWHG DSKLGV H[KLELW D SHFXOLDU
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